


A. Thermal Conductivities and Conductive Heat Loads

The heat flow Q through a solid of cross-section A, under a
temperature gradient dT/dx is given by:

where k is the (temperature dependent) thermal conductivity
of the material. If the two ends of a long section of this
material (of length 1) are held at temperatures T, and T2,
then the heat flowing from the warm to the cold end will be:

Q = A
1

T2

J k(T) dT
T,

where k is the mean heat conductivity between the two
temperatures, and is defined as:

T2

k = (T2-T,)-' Jk(T)dT
T,

Table 6.1 (below) lists the mean conductivity of various
materials that are most commonly used at low temperatures,
at various temperatures T2 and T,. These values can be used
to estimate the conductive heat loads down tubes, wires,
supports, etc., without requiring detailed knowledge of the
thermal conductivity as a function of temperature.
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Average Thermal Conductivity in W/cm- K

TZ-T1 (k) 300-77 300-20 300-4 77-20 77-4 20-4 4-2

Copper (Electro- 4.1 5.4 5.7 9.7 9.8 10 4
plate T-P)

stainless steel 0.123 0.109 0.103 0.055 0.045 0.009 0.002

Constantan Wire 0.22 0.21 0.2 0.16 0.14 0.04 0.006en

" Aluminum 2.0 3.0 3.0 2.0 2.0 0.8 0.3

Brass 0.81 0.70 0.67 0.31 0.26 0.08 0.02

G-10-CR 4.5 x 10'3 4.5 X 10.3 4.0 X 10.3 3.9 X 10.3 2.3 X 10.3 1. 3 X 10.3 6.6 X 10.5

Table 6.1 (Ref. 1, Ch. VII; Ref. 13)



B. Radiational Heat Loads

The radiational heat load from a warm surface at temperature Tz
to a cooler surface at temperature T, may be epxressed as

Qr = S (TZ
4 - T,4)/V

where S is the Stefan-Boltzmann constant (5.67 x 10.8 W/mz-K") and
V (view factor) defined by (Ref. 7, Ch. 7 and Ref. 6, Ch. 8),

e, and ez are the emissivities of the two surfaces, AJ and Az
their areas, and Fz, is the configuration factor whiCh is
determined by the relative geometry of the two surfaces.

For cylindrical metal dewars, two useful configuration factors to
have are those for concentric cylinders and for parallel discs.
For long (compared to the radius) concentric cylinders, Fz, = 1.
For two parallel discs of radii r, and r z, separated by a
distance h,

. z z
w~th X = 1 + (l+R,)/Rz ; R, = v,/h ; Rz = vz/h.

One can easily see that for a typical laboratory dewar with
concentric shields, the configuration factor for two parallel
discs will still be a number in the order of 1. Thus, the view
factor for both configurations can be approximated by

V = l/ezAz + (l-e,) lelA,

Combining this with reported values of emissivities as listed
below, quick estimates can be made for the radiational heat loads
from room temperature, nitrogen temperature or helium temperature
surfaces.
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Experimental Values of Emissivities

Radiation From: 300 K to 77 K 77 K to 4.2 K

Al - anodized 0.78 0.67
Al - oxidized 0.5
Al - as found 0.12
Al - mech. polished 0.1 0.06
Al - electro polished 0.075 0.036

Cu - as found 0.12 0.06
Cu - mech. polished 0.06 0.023

stainless Steel - as found 0.34 0.12
Stainless Steel - mech. polished 0.12 0.03
Stainless Steel - electro-polished 0.1 0.065
Stainless steel - as found with Al foil 0.056 0.011

Table 6.2 (Ref. 14)

C. Thermal Expansion

When a cryostat is cooled down to helium temperatures, the
various components will contract, and it is useful to know the
relative contraction for the various materials that are typically
used in such cryostats. Most of the contraction usually occurs
when the cryostat has been cooled to liquid nitrogen
temperatures. Thus most leaks that occur, when a cryostat is
cooled, will show up at liquid nitrogen temperature. Knowledge
of the relative contraction is also helpful in designing joints
or mechanical contacts, thermal contacts or standoffs at low
temperature.

Material

Aluminum
Copper
304 Stainless Steel
Brass (70 cu, 30 Zn)
Brass (65 Cu, 35 Zn)
G-l0CR (warp)
G-l0CR (normal)
Nylon
Teflon
Fused Silicon

Thermal Expansion Data

Percentage Change in Length
(room temperature to 4.2 K)

0.415
0.324
0.306
0.369
0.384
0.241
0.706
1. 39
2.14
0.0032

Table 6.3 (Ref. 12, Ch. 3 and Ref. 1, App. IX)
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D. Experimental Data for Cooldown

The following lists information about common eryogens and metals
used in commercial eryostats, that is helpful in estimating the
amount of cryogen required for eooldown to helium temperatures.

Experimental Data for Helium and Nitrogen

Normal Liquid Density Heat of Volume of Gas
Boiling at Boilin¥. Point Vaporization at STP from
Point (glom l (Joule/em7) 1 liquid liter

He3 3.2 K 0.06 0.48 449 liters

He4 4.2 K 0.13 2.6 740 liters

N2 77.4 K 0.81 160 682 liters

Table 6.4 (Ref. 3, Ch. 8)

Densities of SIS, Cu, and Al

Stainless steel
Copper
Aluminum

7.86 glee
8.96 glee
2.70 glee

Table 6.5 (Ref. 3, Ch. 3)
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